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(54) DIGFTAL-ANALOG CONVERTER 
(57)Abstract: 

PURPOSE: To provide a D/A converter for which the 
relative error between weighting elements used for D/A 
conversion is compensated. 

CONSTITUTION: A D/A converter is provided with a 
rotation section 3. The section 3 generates rotation 
output signals R01-R0M which activate/inactivate a 
. plurality of weighting elements incorporated in a 
weighting section 4. The signals R01-R0M maintain the 
number of activated weighting elements in each of a 
plurality of subordinate periods constituting the main 
period of D/A conversion and, at the same time, make 
the numbers of activating times of the weighting 
elements equal to each other throughout the main 
period. 
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K:jia±?fl/t»a©S*ftW€rtfl». ^RSttfbSntei 
t iCif^iDm^m-f «rif ^ J: ^ Ccatf- L/C ©r* 0 > 
B9iBJg»©a*«WSjR©S:M«. ®riB7'i^5»-iUA:t»<l 

^r^-r«:Ac© 1 0 «»©fflA Kg^K . 

[n^3 ] i9^2SBl8©f'y5^J^-T:^a5^^ftg 
H5ffib*J2feLh©«^{Ctt. BJSBn-T^— >3>#e 

tt> sjiBiwra^fiErb xM<i©fies)jF^«:*j(,»r. -e© 

«t7)©M<l©S£WIBI« (C^^-r S B9iBffigt®S*m^ S 

^©M«©t[E^ig4]i^0£L/|g£-r-& 
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[1*3^4 ) 1 A>6 3©l,»m3J>tCffitt©f=t'i» 

JU - T :^ n i^j^-C * X . 
i!riBfi;^«W^iSt©B9iBSIS©fi*«CtS^«. SOK 

±tii©^©tc«K3nrfco. ttc, 
mSiri>ii)l'-7i-a{f$t»Sa. wet's- f^s* 

10 WSsRi. 

a) «irKf'3-F<i#*SW4J:^K:«ttSnr*i 

•3, cn«C[c;SL.THirE«[IS©4'5-S;'^(^Wil^*jg 

tt<b*si,»«qFjSti{br4 5^ 5 -s*f=twsR$(ia)m^ 

■ iaa*#i:f^a©8JEig»©a*(^wsjR©rsi4{b3n 
ssiirgBSS©^'' 5 -s*flws^©r§i4ibsnsa 

i©^&h*S3f^©— ^ffii/iSi^Kl-r*. i(rfB©y5 

[19^5 ] 19^ 1 ifih 4©l,>r*l*»«:St6©7*i^ 3» 

#g9ES;^(^C:tSlg(l. |friBS;&ft(:fS^$iJ^{t#'&$ 
W 4 CMO S Y i» iS-f afWUi^tCSgRS 

s«. nrfBS*W:fta:*j*ffe^-r4J:^{cJa:-,r(,>ac 
[gt*3B6 ] i93^^^4Kts©f'J^^»i^-T:^cl^'^s 

Sljai«-^*SCt-5C MO S 5? i^-f ^© 

iSffitrig©f6ffi«iifiitirj:^-ct»scd. i&«Fat-rs 

[it*^7] i!»^4Ett©f'i'*Jl'-T:^Dd>^S 

^^K^^i#*S^fSCMOS-r>-'■t-a'^^^^■c^,»-c. K 
-^>>'^•-3^©tll:;'3^3:gi&<!:)&:o-Ct,»■5C<i:. ^rltffii^ 

n) s^ri^T:^a^^|^^;^;«#*^^■r■5fc^^>©a^:^)^g^ 

ffia©mi©St©fii^#Wi!^*»6fiS.SIiriffl© 
Sa©^2©fa©S.;5>#l:fS^*ii=>fi£ 

so sii2ffi©a*ww5ssi. ^tsMdA^mt^m-ch 
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lem 2 6©^ 2 a©BfliBfi*ff w ffl 

riffl^#^©<!:. 10 
■cA^r. i5IBaa©f^3-Fii-^«. mSiTi-aiftii 

mtS^*-e*a-e*arS14{t*Sm3::RS14<frsm2ffl 
j^a>#er*or. Mffi»i«<tse2«©S«<Oili© 

^^iM8i©ra{cBii«^-r^iffi©a?a:©Si^«c-tsg5 

©S^Or£1±^b-r^ll»*sp3-<i:J&:«.J:^K:Ti. tJie 
©n-7^-'>3>^e<t. *fiifc7'i?5r;i'-r-*-a5' 30 

mfS^ 1 ifiSCKm 2 «©fi;5f #t:fS^B. Sltt<b 3 iifc 
itK:K5t>{C||j|±3S!0t,»a©S*#W*m>. 
tt<b S nfc i » fc tiS©S*# W *^f ^ J: ^ tcgfttt L ft: 
«>©-C*«3. 

Boie^ 1 msc^^ 2 ffl©s ^ ©ia®tt»©Si5f « 
©fB!M«. B?ge7=i^5»;i'A;t<i#-c^-ra:*:©i oiia 

©fflAtCl?L/<. 40 

S?ie^ra*fiS-rmfgBffif»©fi£*8ra©®t«. b«:jE©S 

a*33©M<B©SE»3raiti«:S3tr -SiolBM 1 ffl©S;^ff w 

*>-3*©«iOT©Mffl©aa!ia«tc^-rsuffim2 so 
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[fS^^l 1 ] i1l*3B8*>61 0©C>-rii*>«:iflK©7^ 
if ;i/ - r ^ a i^jfeg-c* -5 r . 
B«SSi5f«W^g©f9£® 1 iHSC^^2ffl©fi*«WS 

6®BoiBx=i- Fm#*SW*<l:^{cSitt$<ifc5^5 - 

-<) t?iBjtia©isistcsgisnfca»©y5-s;^« 

WSJR*»e>0E-5ir 1 acid's -«*^=tWS3R<!:. laffi^t 

P) itrST^a-FM^^StfiJr^tcSiKSnTfc 
•3. cntcjcSL-r. B9fBSriffl©4^s-s*m^giS 
*rSf4ib*^>t,^j:T:r§14^b-rsm 1 iffl©5^ 5 
S^$(iaHt-^i, BirfBm2ifflOi^5-S;^mtS^«-?S 

ttYb*a i»«:?yg^{b-r s^2 a©ir 5 -m^mimm 

r. cn{cj:»3, T^i^f J^-r:^ayg^«l^'p©^S8lal 
«:« r> r . S5iaS*«W^e©BJiB0 1 iffl©fi*{=tWS 
5R©r§tt<b S niSi! t UffiH 1 IB© 5^ 5 -S*^^ttS3R 
©rSltfb S Sifci 0^n*s3f Sfii i -S J: ^ (C 

tp-omssM^mi^mc^msim 2 iffl©s*f=jt:r53R 

©fiitt{b3n4»<!:«rKI?2iH©^^5 SJR© 
fSttfbS n-2>S!i ©^fH>s3f^©-^fii<!: J: ^ K-f 
5. B5ia©y5-S(iaHt-^^^l8<!:. ^rfi^fcCi. 
i r -S f't? f - r o y^g. 

[ii^ 1 2 ] m^msA^ib 1 1 ©i,>-r*i*KeiE©5= 
- T :^ n i^«5g-c * -3 r . 

l:r -5 CM O S iii^W >-'^•- 5'©ffl:^j(C^^S 

ss«riBy5-a*«ws3R«. sjKys-a^^wssR 
di:tiK:SiK3nfc— ffi*wriffi^i^gi*#^■c^,»t:. 

S3Stng©fi«5{iratt«!;^tot:(,>4C<!:. «:!|#a<i:T5 

jfeg-c*or, 

^>/%'-4r©ai:t»(iK&<b<cr>-ci,»-5c<!:. %#ai-r 
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(ss*3® 1 5 ] smm 1 2 *»6 1 4 ©i>-rn*>{cists© 

^ > f - ^'^>XS^@K?:$*. 

ws«««-ris»©CMO s -< d»©ffl:t>>r >tr- 

y>X<!:. B?gB02iffl©fi;5>^^WS^«reSr«a©CM 
O S >^^- i»©ta^ > f - 5''>;^ <!; %E^3 ^-5 C 

^-CS>r>X. 20 

So 

IiS*ll 81 9l^^lX«8K:ffilS©f'i;*4/-T:^ 
[0 00 1] 

[^*ii©f«jffl^] f'i^^f;i'A:tim#*r 30 

iH-rsfc©-c*s. 

[0002] 

Cfi£*©C?je] xt;4'>'U-r:f-ay^^©«teSiO 

«tOJDfi[^S«*ffW#fi:f|S©5R^<!:L-C. ^^J^U 
3r4fflt,»fcfc©3i**D€>nrt>-5. -t© 1 «3&JW;ttf. 
"A Muti-Bit £A CWC with CVnamic Element Matchin 
q Techniques", Fenq Chen and Bosco Leunq, Proc.IEE 
E 1992 Custon Inteqrated Circuits Conference, pp.l 40 

6.2.1-16. 2. 4. Kfg^snrt»5. c<D'f'J^)\^-r-)- 

^•Cl>4. WK.. ^l^©+■^'-'^■->i^H©+^'/^•i✓^^>;^ 

(om^m^icj^ 0 ■e©u:tjy :^ a ya©ii;iSf4*saAjt*3 
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+ if ©ffi^-l*«riW«l«:A*iSil4 Cite J: D. 11 
«7 ©+ + ^<->^r©ffl:^)*^i^fr s:&^jiitt5g3 tin* 

[0 00 3] 

[ie"»*i«aibj:^<k-riiiiH] ±ia©j:^«£X^*ts 

L-C. iS8C©7=^i;4».»l'-r:^ay^S©SA^ti^'^. 

©^-i'>;*.ii'K:SaSjt^g|b, L.*»fc-t©sas?ss 
T:f ai!r«Effl^j©aett. isa«i>r*^*^tf 

[0004] fi>^A>-ri-u if^e3smx\t. mtrrh 

^#©J^,«»±S2©mEEJ£in{c^iS©ti^fc*.5. *© 
imtl^X. - 2 04 5 2 7#(cra^3ti/c7^ 

S^iiSra©gfc:i>P^K: J: 0 T:^- o i'ttllg^iii^c^DnSff 

H±=&itiW{cAngit:#fisagsigtra©ui;^mii*^i53{t 

[000 5] ■ry^Jl'-r:M3 i/^St?{i, 

■e-©iE»s»tttc*j»,»-c. JtfemsfettfiiH^-c* 

±i2fie3fcm. c©iateH^?:3ft#-r'<< 
tiJS3nt:*ri>sfe©-c*.5*i. isa. ^l'^©7=^^v;^ 
©«&f'p][aaw)s:rajajiiccj:»). */c. -?-©¥i&{t#^© 
ras.'SKcfcf). 11313 nrt»5r:f-nyta;'3©ii:iei<tft 
of>'-^x^*i+»tct>©iB^c-pri,^itti^ */t, ± 

f22««!:fc{c. Ui:tir:^ndfffiAiiK8IBIifSiK©^ra 
[0 0 0 6] fitor. *^?§©aW«. T:^ai/m;^© 

[0007] *ife?a©5!l©aw«. ±ia©7=i;5f ;u-r 

[0008] 

«). ^SKtc J: 15 »«-r 5. Sf8[©sejwiatc5jii3nfc 

-f) B?iBf^yi';i/A:»3«#«:SW4fc*©A:*«8^<»:. 
a) Buier:^Pi^ili;t)<l^«r^*-r5fcJ*©m;^;«^ 

''^) a»©s*^^^:^s^«r^^■c*^o. ss^f^tt 



7 

a - 7^— > 3 >#®-c* o -c. B5l3«»©fi*ft 
[00 09] c©«eS«:j:0. fi^cD^ra«:*jtir. 

cn». m^^itnt^. ^jtsn^K:. aBet<9£« 

"fv * ii/ A;^fi#K:ic; i; ■CS:^ tT 4 c i (c Aj: rj . c (Dig 
to 0 1 0 J *^tcJ:ti«. «iBa»©fi;5^f* 

k:». B5riap-r— >3>^ia». t?ia=E«iira*f!S-r b 

[0 0 1 1 ] *^{Cj:n«. B5SaS*<=tW#© 

IBf^n- F^g*>6©a?SB^=i- F<i-^*SW4J:'5«: 

#I2». -f ) B5sS^tii©«®(cS«J 2 n/cgS[© 5 - 
a) lifSf'n-Fm^^SW-SJr^tc: 
Wgt^txxis*). c<a{ci£;§LTltriS«a©5f5-S* 
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fcSr>-c, l5iBi:*Wt:t^e©B5iea»©S;?>f=tt:fS3R 
©r§t4{b3 ns»iB?ieaS:©y 5 -S*f=tWS*©ii 
t4< b 5 *i * » i ©^ft *i^^©-^ffl £ Aj: 2, J: ^ (c -r 

Ht^H©y5-*a(sni#^#g<b. *«^s^^fc 

10 tt. 7'i^3';^-r:^^5^^^^©±»ilaJ^cS->■c. ft 
,t ^ (cf'pffl-r * . ng i; < . r ^ n i^ai:*«ff ©ia«tt© 

[0 0 1 2 ] *«l8tcj:ntf. SI«S«*f=tWS 

JSB. l9IBS*f=tWS^iSHi-^*SW-S C MO S -f > 
-'N'-d'i, S[-^>>'^•-f©tb;'3«:S[iKSi^,/^:-«iB^ri^ 

«. SJiB5'^5-fi*f^t:J-S^aHt^*§t^-5CMOS 
20 -r>>'^-$<tS-Y>/<-4'©m;^«:«K$<i/c— StK 

■Cfc. T:^ayt^:tlSEE©S®i4fr5SC#■C#-2). 
[0013] */c. *IIWtcJ:n«. SB5ffi4<'5-S* 
30 ^*WS3Rtt. UIB^'s-S^lftfSJRfOSm^^Sl^S 
CMOS-f^y-f-if-C^gSL. -?-©-f i'©m:^)€: 

^S©ffem5c^P3fi!rtit®tcj5coT:*j'5, :Mi§r<!:Lr 

40 ssig©tt«B*i^-rsc<t*i-ct4. ) . 

[0014] ^^(c. *%Hj». ^niswf^y 5'^^-r:^- 
<fctitf. a»©sa)!ifflK:»sistifc*Mia»«:. 

<t^=&SW*fc«)©A:^JS^<!:. u) mur^oifOit) 

mm:^^ri,tcit)<Dait}i^f-t . >'^ ) isa©^ i ©i^ 
©fi*«it^^*i^^^.mis©a*<^wgig<!:. ais 

©m 2 ©a©m*f=t 6fi£-5.m 2 iS©S*«Wi! 

50 SRi. *^^/cS*ftW#®-C*-,■C. S«5IBS*«W 
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l4^t■rsm2ffl©sa©s*^^ws3R^^l^9^I^^. %i6 

ffl©s<»©iH©a;^#ws^jgi^-^«. ^-^SJiBi 

©**{*i:tSSR©F«5©ril4{b-r 5Si^#WSSg©ia:*i|3 

<om»m-t s«©s ^ ©fi§tt{ k-r -2.ii»*j|g— i & -s j: 

[00 1 5} Sfc. :*c*?gtcj:ntf. BifKS*^=tl:f^S 

©i!r^ijia2tc;02iH©£«mtst^». sc^tc^ii 30 
©sistc^ti^nriso. l^ri^7'>'^'J^-T:^a 

5 ) BiriE^ta©S®K:g$S$ nfcjfi!^© if 

5 -S*«WSSR*»6ESSSr 1 ie©i«'5 
i. l«riB^^ffl©S®K:«iKSn;^caSJ!©5*' = -fi;?»^«W 
S^*^e.fi£5ll2a©y5-fii?»«l-tS^<!:. a)i5iB 

(.>B:RStt{b-rs»iffl©y5-a*«wes«BiaiM^ 40 

i, BirlBII2ffi©3^5-Ki?f«ttg|g*r§i4fb*St>« 

^fmmtr sm 2 a© ^ 5 -mi?>f=tt:f ssssuaKi^i . 

^^m^^<Dm^ 1 iH©Si5^#l^S^©fii14{b3 
n5»<!:B?ffiS» 1 iH©y 5 -S*#WS3R©fttt{bSti 
SKi©^H-3!)iif^©-^«ii/j:SJ:-5CCt. A^ofiffa 
#S©H«ffi» 2 iffl©S;5f S5g©n§14{ b S n 
i» iUiBSPr 2 iffl© 5^ 2 -S*(*Wil5R©«ft{b3 
»<!:©^W-*J3f5e©-5tffit^j:S±^{cTS. HirS©^ 50 
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[00 16] :*:^|§(c<i:ni«. SB?sBS.^ftWg 
5RSCfSKrfB3'^S-S*ffWSJglJ. CMOS-fV/^- 

f i8*-Y >''<-i»©m;^;«:^3 n/c-«*#-r sfiirt 
ifin 1 <oKti^^-tm.UKt>t. mwm2 ox^jt^r 

itfc«»i9«ggr*»). ajiB^i;5r;l.-r:^ad>^S 
tt. BUSBtB;^?-iH5aSi^#Ct^l8©B5gBmiiffit® 

2 ffl©a*(^ws3RK:$* tifcfirffic MO s -f >''-5- a» 

©Sffl* t ©rancgtt S <aft:m:^J > f- ^^>;;^fi^H 

tt. B9iBm 1 ffl©s*«wf!***!S-raa©cMo s 

>/<-5»©ffl:^^>e-3r>x<t. l!r8B»2ffl©S*{* 
WSJRtrfiR -ritJS© CMOS-<>>'<-i'©til;>3-^>f- 

5Riai©^ffitt*!S*. ob>r»r:fnj'Uj:^©s:iStt© 

mffiSf L/C 0, 
nto/c$'r7'©7"yif;l/-T^oi)'^jfegK:. 
[0018] 

[00 19]Hl{i. *»9g{Cj:af'yirjl/-r:*-Dd>' 
(D/A) ^g©«^fiK*^-rEir*.s, C©D/ 

A^gSSAlJ. {B<»©D/A^»*tf5£»!raTii*. 
8H»CDgeWS!Tsiibl~Tsubk (k»iE©K») fc^^ 

Si o . ^m!si[^<D^mmm ■c<ori-u ym;t)©¥J^ 

f :7'©t©t?*-5. 
[0 02 0] i¥L.<«. D/A^gSSAB. 2jtA^7' 
f JHi# S i> "fV Jl' A;'3SS^ 1 i , -r 3 - F 
aJ2i, a-f^-^-g >a53 i. l^©li*W:t*S<? 
fT^J:^K:i9gtu/cIvHl (M«iE©Sa) ©S*ffWS 
3R5r«;^.SS*^twa54i. iffl^-t+gp 5 <»: , T^^ai/'tB 
^m=i-^t. *li;?.rt,>6. M<i©M<?f#Wg3R{t. S 
-r:7'-c«>«SS«(4r-<p'r*)J:b>. ccr. 2jiA 
t}^v>ii)i'mnsxmit 1 03iia©s^ffl^AiLfc<b 

». A^MtJiSJi'SKT^.. BP^. 2jiS;^W:r¥<!: 

>©»*b (iEcc®a) ^rart©seBiffl 

©IBtkB. k=bXM-C5£*SffltCja^, E|H^, Slo 
ammstplc 1 -P©**(^WSSR«:rS1±{b-3-S J: ^ ^tffi 

"i»!iffl©ratcMffl©s*m:tS3R©s« ©stt^b-r s 
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[0 02 1 ] Xt)m^l(C^if^2mr=V^)lXt}m^ 
x=i-K<I-^DOl-'DOM«:ai:^jr-5« Cti6r3^ K 

[0 0 2 2] .X(^. 132-1 l^#MLr. ai(7>S*: 

[0 02 3] H2K:7SU/cC(DD/A^^gB«. MKj 

mS^*^CMOS>f >^N'-^ (I "n"!-! "n"4. I 
"p"!-! -p"4) tfilaS (R "n-l-^R -n"4. R "p" 

1-R ''p"4) <omM^mmis^his.^m^mmmi^A 

Bt. mM. (n) Xt}t0^ (p) ?<t}t^mth^ 
"n-l-I ''n-4/R -n"4<OSHi:^^CSi^br*5 0, - 

mni^mu i "p-i/r •'p-i- i •'p-4/r "p"4cds 
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[0024] ^Xtc. 5r ha-r-S/aXiias B«. 
ttH 8 (c^-r 2 A^SIBB 2 0 r * -5 - 

604 tr^ hCDf^rJ- KbT-v mi:^DAT 1 -4<t. C 
<DD/A^^Brt-C3fe«$n^$flaifi-^r«>-5i^U 
i^CLKSCJfn-F(i-^LOAD<!:€:SW-&. 3 1^-^h 
2ilA:f3-rt^^;l^-^S<!:7'3^ Fl^->^ hffi:;^DAT 1 
10 -4<b(0M«fe«. a3CC7nU/ca«5r*>*). rn-Kt: 

m#s;!>i^-ri oitafflcc^tjeLrc^-Bo cojz^j^jtt^ 

rJ-Htr-^ hHl:t?*Sl:t^lDlB3Btt, H3(C^*r<i:^ 
KCC?*Un-r--i>3>t^;. hffl;^!! l'-n4^^ 

mi:^p i-p4 (cn6«H3r«^o tti 

:t;n l-n4CDWi£*r^<>O<DJ5iteCC^0C^ 
20 S=(000). (010). (100) COit^ 

[0 02 5] ia4«. ±iB|pIIS3B^i¥tffltCif^Ur*J 
0. cti«. sewi ( n ) <7>— Scd:? r^r^ o ^ 

(F/F) soBi. im'im (p) o-af(Dr7i;^y 

:7n^>^ (F/F) 3 1 BSa^-afcD-^>yN'-i> 3 2 B 

0. <1<?(D:7 »; -^:/7 0-^:/«. ffl^BtcDATl--4 

K (S3K:^TJ:^tc. SfieSl|ffilco(f&a^tcS:^±;&5 0x 
vty^h^) ^SC:f. ffi-T-SELtCLOADd-^ (H3 

o) S^QOctJ. n-T^-i^H^b--:; htB:fjn 

l-'n4(D5tfS'r^t)Cr)^^-r'2>, -S:? D :7' n 

{_ta)!p^T®(DF/F-v^Lr3s/c±S<DF 
40 »3 0B<D«W1ftCOtit:Mq§-r'5<!:, 8^3 0 BP3CDS:7 

OADit-^cDAi^T)!>^Dx-yi^B#tch •;;^7$nr-e©^ 

(DDAT l-'4<D*fl£f iP^ D A T 1 CDfiiKl-fe 

±g(D:7U -y:7-r^Pt.:/(DQaJ:t?(c-fe-y hSn^o S-b 
■ -y h ^ti/cffl«QS^^n 1 t i^xmti't^^ -eoffeCD 

(cur, 03cc^L/t<fc'5ncp-7"-->3>t^-^ hUi:^ 

50 n l-n4^fl55S*r^. ^ ::^:7P ::/SP3 1 BCCO 
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[0 02 6] ;Xtc. H5-7^#RaLr. a-7"-s^3 
= (0 0 0) 0«^tc«. A=Or*>0. ai;t»n l-n 10 

4«ciTti*>. ±x<omm^isK^x "0" fiP^:^^tt 

40S^;{>«£»!ra*(*TStt<tttffi*<!:-Siaa«. 

m^»x<Dimitw&Mmt. Acom-m (^mm 
mM&xu^ nmtmo^(Dm—B) r*^. cos 5 20 

[0 02 7] me<Ds= (0 10) <Di©^tc«, c^-rn 

<DS!»8raw:*5t*r . n 1 n 4 CDrt© 2 osCrJfStt 
{fct«.« 1 - i^c^o ^»!Kn?<DrS14fbttSSffl;tFa« 
2<ora-ti-C*D. */ctiJ;^;n 1 --n 4<DS^7&i^ra 

i-p4w:oiir*>. cnii^cr*^. ti\tj 

n l~n4tC;f(jt^rfcf5/cUJ:^?p 1 - p 4 (cijl^r fc. 

msfs mxiKSSit)^itri>mt}<c^^t. 2-c*^o c 30 

cD2<Dt^:ffi^{bffi;^a«. S= (00 1) -(Oil) 

(Di.>rtixi>^mxi>i>. 

[0028]a7<DS= (100) (om^\t. A = 4-C 
^0. C(Di§^. S= (0 0 0) Oig^ilt^'Exb. S 

[0 02 9] ±fBOP-7^-i^a>ti't. hmti^^if^ 

OS A >>'^'- ^>/fits:scoiajOie^(piB©ai:^mEcD«i 
siEffl(icD4aocMos>r>/^-:Sr/fijKs<3!>a:>w 

[0 03 0] yCKl, H8-I l^r#RSLr. H2«:,ttL 
/cD/A^«^B(Dtt«6CC'^t^r<D||KSC/-€-©tS*K: 50 
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oi^rK^-r^. 5tr. 08«. *^?b<od/a^s 

^^tfD/A^ft^>:^f-ACDl 0i3-c*O. D/A^S 
B6DA:t?fllk:£A3!i^InI[B2 0?:, -ecDai;^?fflIfC P'-^^• 
1 kHz©1^>r>^s«:tB^-r2>l 6i^tr hcDf^tx^ 
;!/A:^?*£AS:Piiiss2o^fflCir>'>rx- 5^x-t'> 

^b, C*t>«)'S:r'-7'^:f^^ (0--2 0 kHz ) COfi 
LrCCDfl-^^. D/A^g^BCCDAT 1 -4 <hLr 

/tten. staiJRu^if sfefflhD* 4 ooc m o s >^^• 

- ^ -/a!nSi^JS^Kffl50taS*SII<3r)S:A:ffl[«: 
[0 03 1 ] ^9- 1 1 ^#MUr. :^^m<D "^^^^ 

mm^<D^m±wx(Dxmim^^wi-m^t^'' 
t\.^'>^t^t>c^i>n^\fC-:>i.^xnmiicmmti>. hq 

D/A^gOAffl:^j«Fl4*^-ry7:7-c*0. * 

>So cn6o^tt^f#^occ«eo/c7^-^«. Slot 

HI lic^L/c*>cD"C*0. cntc«. nl-'n4/cl:t 

[^1] 

mtin 1 *St:f ^►S^mSJR SM - 2 ^ 

ffi;':?n 2 ^^vf^m^m^w^ mm:- s 

ffi:t^n4^$t:t^®;^«t:f^^ ^11+2 ^ 

if^^o i^. CC-Cti. 0.4<bL/rCi^. 

[0 0 3 2 ] 01 O;0^6fc^3&^'5>J:^tc, 
Tmr©^^i^«. 0. 1. 2. 3. 4 <h^^^ 

ff^t¥*t«-r«. HI l*>6€)^?&^-5cfc^tC. Tm-C(Z) 

M3pj^«, :^^m(o^^tj:mmt{-mhtix\.>t£\.K m 

[003 3] HI 2-1 7*#flSor. *^§g© 
m2iiss«r*>^D/Aafjftscccoiirs$i?8-r'5, c 
<o^ifesc*5^ m2(o^SBtmti^x\.^^^.{t. ^ 

S-t^-yh^g3C' iys--@S4C* i^jgtca 
Wc*r*^. -^(DffiCDSB^J^EP^. lslK3C. 4C. 5 
Cti. ^jftSBCDSFtiST^fcCD tiger* 0. StoTltt 

[0 034] 5tr»&2?)0C. ^s-tr^r h^iStd^^- 
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[00 3 51 i¥u<«. ai 3«s= (0 0 0) (om^ 

^«-fe'Dr*-2). s= (0 10) (Dm^^ffk-r 
ccD»«, s=(ooi), (Oil) (Dm^mcv^ 

^. sacc. a 1 5K:7K-rs= (10 0) <OJ&&tC«. 

Btmseww tc*5 c>r ttia^^fc-r €»fi-i5^m:f s«o»tt, 
s= (0 0 0) ii^iD-fefnr^^. cn35^e^:^€><i: ^ 

p«^^k:. «/hffloifiA«i2oifflr^<fc-r^i»-^35r«e 

Hi/ca6. ai 2<D^^-|glffi4C' tc^L/tJ:^{C. 
[Pigs I "n'S/R VSS?:/! "n"6/R "n^ect. CMO 

I V6/R "p"6^^i:f-cc^'5o i^. a2r«7j^$^j: 

ftilO^?^4 0CimjS4 1 

[0 03 7] cn6 5^5-M;5f^*t:rS*^fiEo 

S<DffiO^{btc|tiI:b6rn<ajpflB#t(c2S<D-/>rX 

ai sccinTJi^tc (ar«. pffliti. nfflao^fje-r-s 
^mwLx. HI 3iHi 5(D«^tc«. ys-m;^f* 

C^^t. ^Lrai 4^^TJ:^3^cit^(cii. ^ 
m^^b^^L^^-tt^Srt^ 
[0 0 3 8] ^JCK. HI 7^#S5Lr. 
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IH1IS3C' (i. 7^3- Kt:-^ hHi:^DAT 1 <b2. 
DAT3<!:4. D A T 2 i 3 ^^^^^t^t-S^ 3 ocogfffeW 
NOR (EX-NOR) y-hap30C' Ctlf^^ 
-K3!)ai:ft4:Sl:f^ANDy-h3 IC* LOAD 
fi-^i^n ^>7CLK^St:t^ANDy- h 3 2C' 

y-h3lC' cDHl;t;*^^Dk:SC:ty-h32 

/¥) 33C' -eLrcOF/F(DQai:^?<bt?P 
10 ^CLK«:St:tSct^CClgjBISn/cANDy-*h34 

:7y -y:7-:7a-y:7'3 5C' ,3 6 0* ^^^^t^5 
C^K:|gDlHlBSgB3 7C* ,3 8C' CCSgSUrc*^. 
[0039] y-h»30C' <bANDy-h31C' 

n-s^^^^i^^^ttYfc^n^i^ (HI 3x«Hi 5 

%wz>x':>^m\^. -eLry-^3lc' \t. mm(om 
^^\mm "1" ^-eoT^^cD^tcij^s •'o'* ^ 

y-h3 1C' (Da:*J*F/F3 3C' OC-fe^.hr-S. 

;x^ANDy- h 3 4C' \t. ±Mzm^<om'^t^^u-j 

-5. f*JK©F/F3 5C' \t. y-h3 4C* iPh<0^ 
^^§t:t/c<?:tw:«cnK:iSSL/r " 1 i "0" 

mtfnettj:^^ ^ay{;^^^irfrj:{,>t^(fC{t. "1" 
XWO" <Dl^rtitf^—y3f)^SU^Lfci>(D^n5, n6 
30 <!:L/Tffl;*j-r^. HKa53 8C' fciaBSP3 7 

C ij^SltC. ±gBt?#(7)*©^. -l" i "0" c!:^5^ 

StcQ^^«:ab:t;br. ^^-tr-^ mi:t;p 5 icnco 
/^i^i " 1 " x« 0 " (oi^rn**— 

«SL/c^>cD^p 5. p6iLrHi;^-r'5o cn«:<fco 
[0040] «±tcift?gL:rcD/A^iftscccoc^r 

fe. a8tC7j^L/c@ffi«fi£-C^ii*tf-p/c*S:^. 

40 mKtfirj:{,^m^(^it^x. mt}i^^>im(DMmmi>'r 

[0 04 1 ] ^Xtc. HI 8*#MLr. :^^m(om3m 
*feeilr^^D/A^^§D^oi^rSi?aT^o ccD^jfe 

gD?&i. H2(D^gB<bS>i-:>rCi^«^jj, 
^UJ:^-<>fc'-!S^>xlS^|pIK5D- ^|gtcat:t/c,«^.'C 
-ecDffeOgU^IP^. |nIK3D. 4D. 5D{t. ^ 

50 [ 0 0 4 2 ] >f ^(Oat) ^ > t"- :$^>X*SS^^ 
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«@K5D' tt. l*f©4o<OCMOS>f >^<-3«Da 

'n"i~4. Rc vi~4i*ff A-ci,»4. ctiemj'js 

©ffl*WL/rt»S. tH:^fitSgRc "n"l-4{t. 

©tti:^ <!: $n-cteO. ■€-l/rm:^j«asgRc 

'p"l--4li. ^'^^ 4o©-f 1 "p"i~ I "p"4 

©ffl:^j<!:SI£it4iSa:^t©raccMSi3nt:c»s. cm lo 
os-< ^j^-nomt! ^ > f - *s»TSs;^<=t 

r. -o-r^-i? I "n"i~i 'n"4<oi&-^mfimt}-<>t: 
-if'^xt-O^^-^ I "p"i-^l -p"4©ite^Ad:W:t) 

■5.. C©a0>ittffl:^>f:^b--ir>xM?rK»5^<fcJt>, 
SI^UKSD' tt. »n^5D©SiiA;^)<!:^fSi£A:t) 20 
©an*. S«Ei9iiag5 0D' ©ffl:*;«l3E«:-«3Hi. 

[0 04 3] CCDD/A^ftSDtC-PUrfe. HSKS^ 

[0044] ;XtC. H 1 9 *^©m4©3IJgW|-C 
*SD/A^gE*^-r. C®^gE*5. 132©^ 30 

%s @883E, 4E. 5E». ^j^B©^(c.r'&«>© 
il^C-C*^. ys-b'-:; hlfe^gS E' ii^S 

-I1IS4E' B. a 1 2©^gC-CSW/c*>©3 
C* . 4C' il^D-C*!). MtC. fi-&@K5E' t. 

:^S^I18S5D' i^ffi©fc©-r*€.. C©019©D 
/Al^gEtCOt,»Tt>. aSfC^THBfllSfCieR* 40 

[0045] «±cci*-<fcSISfiW«:*r-r S^MW 
[0046] 02O€:#ML/-C. fH I ~~m A oymMmK. 

S4-r-5m 1 ©^M««coc>rs!i?«-r-5. ±sBiiiS«©8ft 

©a«r2Ji{±{C^M-r.5>Ci*i-C#2,. KS-r.53E«ira 
©ra-CA:ti f'i^ if )vm'^ifimt-ir ^ts^. T :^ a i/tB:^ 
©^{b©gl^tt». !|$(c«-S£ftllBI©fi^©{l3(l!ISICCS 50 
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fi*«wgsi©ra-c©ss^ffit4«cs< tssr-s. 
o-c. b©fii^rnt^'^<At< L/-cee»!Hi©rapii*3§< 

f ^. C i tc J: ij . K^-r ^>^ra©P5 -CS^S^tt©!* 

T:^o^/14t6©I6)±(C3^!lll*»»■r■5. 
[ 0 0 4 7 ] H2 0 IJ. ±SB^M«^© 1 WiS^T fc©r 
*0. fri<i!^SSW-C*-5^gBtC-:>l»r. b = 2<b 
Lfci*©-e©a-7^-->3>ey hm:^jn l-n4. 
p l~p4©a«:n^-r. C©1S^. M=4»^t>6^£lr» 
ffiWra»kt*. 8. iP^Tsubl-TsubSifto 
■COi. CtlfClCU-C. i'D-^i'CLKti. 2fg©iSa 

«:r-5-£-S*i*-S.. 05^©J:^«:. J5effll©ai:^jn 1 ~ 
n 4 . imWSi<omt) p 1 ~ p 4 «^tc. fie»!HITsub 
l~Tsub4©H©fc©5r SESHISI T sub 5 ~ T sub 8 ©PJ 
«:«5»)iSL/cfe©-rfiEor(,»€). c©^%ifeLfc^ft 
gBfcot^-C. 08©3IK@B*<^oXl^«©|IK=&tf 
CMO S 3f /MiagjSjnjte^HK© 

tas:©iai©ta*f^©s^fflK:*fLr. b = i©i#<i: 

DfcM«:>'-rX^tC5i[S*i*6nft:. C©H2 0lc^n 
i,tc<otnmfo^ifi. ^»gc. D. E«:*$i»rojffi 

[0048] -XVi. H2 l€r#MOr. ±13^1210^® 

2©2-5©iyfeW». MSt!lS©*>©t?*-5*i. Cti6 
B. #f^«lS{tC^|gT5Ci)!)«-C#5. 02 1«. »1 
IdSW-C* S^ftg B **iattSK:a:M L D/ A^gS 

7"-i^3>@K3F. fi*miPlKaJ4FB. ^SIS 
(p) ffl!l©HK€:l*t»r*t). ■€-i/ra*W:f0K©m 
;^3B. Jnfits5F©siai)cc©*«^3nrc»5. c© 

^SS©^ftSK:tet>-r4>. :$:^?§©tr7 h a— f-->3 
>fttcj;^ipi*l{t©5S!>««:+^«:ff-5C<!:3>Jr#-S. g| 
TpXytjiK^lfi. |g2©llit«t?*S^gC«:-3C>-Ct>. 
±ia<t|^aiK:. ^NiSefflI©llK*l»< Cite J: 0*1116 

[0 04 9]Sfi{c. hn-7^-j^3>©^JE«tc 

XB "0" *in4 (XBp4) *»e>n 1 (XBp 1) '^. 

"^l-XttcnA (XBp4) 'v<!:l,i^:)5TfijK:i^-5->7 

B. mB. fifRSBITsubl iTsub3©D-f^-e^3> 

mfi>iciB. aa©si!»(=twsjR©s^*. ijw 

C©^fr€rSI/c-r|i80, tr5» hD— 7^— >a>©^^• 
i'->^^f,1tK:^M■Ct•2.. S/c. ci-7^-i^a>J&2 
tLhtf^Ji^tCfc. 1 @S©t:? ha-T^-ixalxCD^N- 
if-^iaieE©!^^ ha-5=--^3>©-'<5r-><!;*S 
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[0 05 0] 

ict *injtB ttci. 

[HI ] *^{cj:SS*«te!EOf'y3f^l'-T:foi' 

[ S.2 ] s 1 <Dm:^m^i: j: *) M.mt utcm 1 mmm(o 20 
[03] a2©a:»s*5^tjt ha-7^-->3>iigs 

[04] H2©aafeS36J#tftr5- Fa-^-i/a>0B 

[05] 04<Dfcri> ha-f— s^3>|n|ffi3»J. S*(^i:f 
S3RttM=4. ci-f— i^3>»b= 1. f^f^^PA^ 

<I^s= (0 0 0). -e<Di ojiia«iA= ocdis^k:. 

30 

[06]M=4. b=l. S= (010). A=2®JS 

[0 7]M=4. b=l. S= (100). A=4©ti 

0 5<hH»®a^ 
[08] *^?g{Cj:e,f=t^5rjl'-T:^ai/^^i. £ 

n y i'0. 

[09] 02©*^Bg{cj;SD/A^^©xi^i';UA 

Xin-fifyy. 40 
[010] 09©2|s:SI8©#tt*fiCffi-r-5©{C«ofc. 

[0111 09©se*m^*j¥tafs©«:«-,fc. 
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[012] mxo^m^m^^^fi^mtvfcmzmmm 

(OH /A izmtm^. 
[01 3] 01 2©tr:? ha-x-ixg>|gK*5, g;^ 
<^WS^aM=4. a-7-— >3>ab= 1 . T'y^Jl' 

Khmns = (0 0 0). ^<o \ 03iafiiA = o©*i^ 

r0^ 

[014] M= 4. b=l. S = (010). A = 2© 

J&^O. 01 3il^8lO0a. 

[0151 M= 4. b=l. S = (100). A = 4© 
«^©. 01 3<b|q|«©0^ 

[01 6] 01 2©^^Ai^tft->' ha-r— i'aV 
llK*i^^-fSO-7"-i/3>t:y hai;^©jfi^*^-r 
0. 

[017] 01 2©S3ftg3&JSt?d^5-tr» h»^g© 
|¥aB*^n-r@ffi0. 

[018] 0i©^«eS'&J:Om^<t:L/c^3^««f 
© D / A s:gss D *^rigB0. 

[0 1 9 ] 0 1 ©S:$^^J: 0 A(4:{kL//clR49lt604 
©D/A^jftSE ?:^n-r@K0. 
[02 01 *#EM©se 1 ~m4|ISSff(«:*fr.SSEIH«€: 

—>3>k:v ^tB:^©>'^•^^->*^•r0a. 

[02 1 I *^W©01. m2^tSWK:J*r-5^MW€: 

^■Tfc*. m 1 mmmi^ii^,^xm«mm!S.'&^mwmm 

fiEK l/fc<b *©D/A^SF i^flHlBH. 
[??#©»?? 1 

1 : f=i^^)VXtjmif- 

2 : 7^3- K» 

3 : a-f— '✓a^SP 

3B. 3C. 3D. 3E. 3 F : tTy h a-f^-5^a > 
HISS 

3C' . 3 £■ : ifZ-ifv hS^S 

4 : fi*#was 

4 A. 4B. 4C. 4D. 4E. 4 F : S^-WWHKSP 
4C' . 4 E' : ys-isIgS 

5 : ffl^-a-^ 

5A. 58. 5C, 5D, 5E, 5F:UaWS 

5D' . 5E' : irm:^-Y>f-3<'>j:^S^@ 

KS 

6A. 68. 6C. 6D. 6E. 6F : ri-aiftHlfJ^ 

4 0 c : nmm 
4 1 c : mnia 
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